INTRODUCTION
Scientists predict epidemic of type 2 diabetes in near future. [1] Diabetes has high morbidity, mortality, and economic burden on society, the increase in cost is due to its complications and complexity of care. Type 2 diabetes occurs in genetically susceptible persons who are exposed to a number of environmental factors. Vitamin D deficiency might be an environmental risk factor since Vitamin D receptor is present in β-cells of pancreas and the 1-α hydroxylase enzyme which been linked to insulin resistance (IR) which is a key feature of type 2 diabetes. [8] Most observational studies show an inverse relationship between Vitamin D level and plasma glucose [9, 10] and IR. [11, 12] However, to prove causality randomized controlled trials (RCTs) is required. In fact, results of RCTs are mixed, [13] [14] [15] recent systematic review showed borderline improvement in glycated hemoglobin (HbA1c) and fasting plasma glucose (FPG) in prediabetic patients treated with Vitamin D, but results in patients with established diabetes and normal persons are not significant. [16] The aim of our RCT study is to investigate the effect of Vitamin D treatment on metabolic markers in participants with low serum 25(OH)D concentration and autoimmune thyroid disease.
MATERIALS AND METHODS
In this double-blind, placebo-controlled, randomized clinical trial which was conducted from February to July 2015 in Isfahan Endocrine and Metabolism Research Center, 120 hypothyroid or euthyroid adults with positive TPO-Ab were selected by consecutive sampling method. Hypothyroid patients were euthyroid and stable on levothyroxine at least for 6 months or had mild hypothyroidism on enrollment thyroid-stimulating hormone ([TSH] <15 mU/L). Serum Vitamin D levels of selected patients were measured. Those people were Arian, 18-60-year-old who lived in Isfahan with 25(OH)D ≤ 20 ng/mL were included in the study. Fifty-nine percent patients in placebo group and 70% in Vitamin D-treated group were female. Patients with renal or liver disease, cancer, pregnancy, severe weight loss and those who were on immunosuppressive medication, insulin, sulfonamides or any supplements were excluded from the study. Those patients who were on levothyroxine, metformin, or statins treatment enrolled if their medications had been started at least 6 months before enrolment and no dose adjustment was done during the study period. [17] We selected Hashimoto thyroiditis patients to evaluate Vitamin D deficiency treatment effects on autoimmune markers at the same time in another study.
Finally, 65 persons enrolled the study. Participants were randomized by block randomization to case (Vitamin D-treated) and control (placebo-treated) groups. Randomization was performed by a third person, and sealed drug boxes with label A or B were given to each person. Neither patients nor researchers knew the content of the boxes. After trial, the codes were broken. Patients in Vitamin D-treated group (n = 33) were assigned to receive pearls of Vitamin D, 50000 unit weekly, and those in control group (n = 32) were received pearls of placebo for 12 weeks [ Figure 1 ]. Both Vitamin D and placebo pearls had the same shape and size were provided and manufactured by Zahravi's pharmaceutical company, Tehran-Iran.
Ethics
Study design explained to each person, and participants knew that they may receive Vitamin D or placebo, blindly, and if they were in placebo group, their Vitamin D deficiency will be corrected by treatment after completion of the study. Each participant gave written informed consent. The research protocol was complied with the ethical standards of the Helsinki Declaration (Edinburgh 2000) and approved by the Regional Ethics Committee of Isfahan University of Medical Sciences.
The trial also was registered in the Iranian registering of clinical trials with the registration number IRCT2014120520216N1.
Data collection
Demographic characteristics and medical history of all studied population were recorded. Physical examination was done by an expert endocrinologist. The blood pressure was measured by ERKA sphygmomanometer, weight and height by SECA stadiometer, and waist circumference by tape meter. Body mass index (BMI) was calculated by dividing weight (kg) by square of height (m²).
At the beginning and at the end of the trial, two blood samples were taken from each person, one clot and one ethylenediaminetetraacetic acid-containing blood sample. Biochemical tests including calcium (Ca), phosphorus (P), albumin, C-reactive protein (CRP), blood urea nitrogen, creatinine (Cr), HbA1c, insulin, FPG, triglyceride (TG), total cholesterol (Chol), and high-density lipoprotein (HDL) were measured on the day of sampling. However, the serum samples taken to measure TPO-Ab, TSH, 25(OH)D, and parathyroid hormone (PTH) froze and stored at −20° to be analyzed at the same time with the second sample at the end of the trial. Homeostasis model assessment of beta-cell function (HOMA-B) and HOMA-IR was calculated. [18] Laboratory tests All biochemical tests were done by photometric assays (BT 2000) using Pars kit (Tehran, Iran). TPO-Ab, insulin, PTH, and TSH were measured by chemiluminescent immunoassay method (Advia centaur CP, Siemens Healthcare Diagnostic Inc., USA).
HbA1c was measured by high-performance liquid chromatography (Arkray, Adams Japan). Vitamin D measured by enzyme-linked immunosorbent assay kit (immunodiagnostic system limited, UK).
Statistical analysis
Continuous quantitative variables were expressed as mean and standard error (SE) of the mean (SE), and qualitative variables as frequency and percentage. Normality of data was evaluated by Kolmogorov-Smirnov test and normal Q-Q Plots. Log transformation was used for skewed data. Paired t-test was used for within-group comparison, between-group comparison was performed by multivariate analysis of covariance. To compare the qualitative variables, Chi-square test was used. All data analysis was done using SPSS for Windows, version 20 (SPSS Inc., Chicago, IL, USA). P < 0.05 was statistically significant.
RESULTS
During this trial, 65 adult participants with positive TPO antibody were allocated to Vitamin D-treated (n = 33) and placebo-treated (n = 32) groups. Nine persons (3 and 6 in Vitamin D-treated and placebo-treated groups, respectively) out of all participants who attended the baseline examination did not complete the trial or excluded from the study [ Figure 1 ].
Baseline characteristics of studied population are presented in Table 1 . Participants in two groups were similar regarding demographic, anthropometric and laboratory data including 25(OH)D concentration (P = NS). [10. 67] mg/dL, P = 0.06) after 12 weeks, difference between two groups was statistically significant (P = 0.04).
The mean of FPG, cholesterol, TG, HDL, CRP, Ca, Insulin, PTH, HbA1c, HOMA-IR, HOMA-B, and Vitamin D at baseline and after trial are presented in Table 2 .
In within-group comparison, mean of HbA1c and insulin was increased significantly both in Vitamin D-treated and placebo-treated groups (P < 0.05). Other variables had not significant change after trial (P > 0.05).
In between-group comparison, there was not any significant difference between Vitamin D-treated and placebo-treated groups regarding measures of insulin secretion (HOMA-B) , HOMA-IR, FBG, HbA1C, and TG (P > 0.05).
There were no cases of hypercalcemia or kidney stones or any other complication during the study.
DISCUSSION
In this double-blind, placebo-controlled, randomized clinical trial, we investigated the effect of Vitamin D treatment on metabolic markers, IR and insulin secretion indices in Vitamin D deficient hypothyroid or euthyroid adult patients with positive TPO-Ab. We did not find any significant effect of Vitamin D treatment on FPG, HbA1c, HOMA-IR, and HOMA-B of studied population after adjusting for baseline values, despite a significant increase in serum 25(OH)D in patients who received Vitamin D. A significant increase in total cholesterol was observed in the Vitamin D-treated group compared to placebo-treated group. The current study was in according to the previous RCTs with regard to glycemic variables. [13, 17, 19] The discrepancy between the findings of epidemiologic surveys and intervention studies regarding Vitamin D and type 2 diabetes is remarkable. Most cross-sectional studies found a revers relationship between 25(OH)D serum concentrations and type 2 diabetes [9, [20] [21] [22] while others revealed an independent inverse association only in women. [23] [24] [25] One meta-analysis including twenty-one prospective studies showed that there was inverse association between serum 25(OH)D levels and incidence of type 2 diabetes after adjusting for BMI and intermediate biomarkers (included 4996 incident cases of diabetes and 76220 nondiabetic controls). [26] In the largest randomized clinical trial, in regard to the role of Vitamin D in type 2 diabetes to date, the secondary analysis of Women's Health Initiative clinical trial did not notice any effect from daily intake of 1000 mg calcium plus 400 IU/day Vitamin D on the incidence of diabetes over 7 years. [27] In another large randomized trial, the randomized evaluation of calcium OR Vitamin D trial, daily intake of 800 IU Vitamin D3, and 1000 mg calcium had no effect on the incidence of diabetes over 2-5 years. [28] Recently, one systemic review of RCTs that their main outcome of interest was about the effect of Vitamin D supplementation on FPG, incidence of diabetes, indices of IR (HOMA-IR), indices of β-cell function (HOMA-B) and hemoglobin A1C in normal adults, prediabetics, or type 2 diabetes patients found no effect of Vitamin D supplementation on these outcomes in normal adults or diabetic patients. [16] However, in studies examining prediabetic patients, improvement in HbA1c and FPG in Vitamin D receiving groups bordered on statistical significance. [21] Possible explanation for lack of an effect found in intervention studies might be related to the patient characteristic, duration of the study, dosage, and other confounding variables.
Most RCTs showed no improvement in lipid profiles after Vitamin D supplementation [12, 14, 17] while a greater decrease in serum TG identified in Vitamin D-treated group in one study. [29] Strengths of our study are randomized double-blind, placebo-controlled study design, and similar baseline characteristic in both groups (intervention and control groups). In addition, most of our patients had severe Vitamin D deficiency, which supposed to benefit more from Vitamin D treatment. Another major strength of this study was verification of adequate target level of serum 25(OH)D at the end of trial.
Our study also had some limitations. First, we could not assess long-term effects of Vitamin D treatment on outcome measures since the intervention duration was just 12 weeks. If we could extend our study for longer period, we would have found some effects of Vitamin D treatment on outcome measures. However, it was not ethical to keep patients in placebo group for long period in Vitamin D deficient status. On the other hand, we used HOMA-IR as index of IR instead of hyperinsulinemic-euglycemic clamp test, which is the gold standard for assessing insulin sensitivity.
CONCLUSION
Weekly 50000 IU oral Vitamin D3 for 12 weeks did not improve metabolic markers, insulin sensitivity, or insulin secretion indices in Vitamin D deficient patients with Hashimoto thyroiditis.
It is consistent with previous studies showing Vitamin D treatment did not improve glucose metabolism or lipid profile. [12, 17] Financial support and sponsorship Nil.
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